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PRINTING APPARATUS AND POWER
SUPPLY LOAD REDUCTION METHOD FOR
PRINTING APPARATUS

FIELD OF THE INVENTION

The present invention relates to a printing apparatus and
power supply load reduction method for a printing apparatus
and, more particularly, to a printing apparatus having a
plurality of full-line print heads each having a print element
array corresponding to the width of a recording medium, and
a power supply load reduction method for that printing
apparatus.

BACKGROUND OF THE INVENTION

As an 1nformation output device for, e¢.g., a
wordprocessor, personal computer, facsimile apparatus, and
the like, a printer that prints information such as desired
characters, 1mages, and the like on a sheet-like print medium
such as a paper sheet, film, or the like 1s known.

Various printing schemes for printers are known. Of these
schemes, an ink-jet scheme has particularly attracted a lot of
attention 1n recent years since 1t can print on a print medium
such as a paper sheet or the like 1n a non-contact manner, and
can assure low running cost, a simple color structure, low
noise due to a non-impact mechanism, and so forth.

Of 1ink-jet printing apparatuses, a full-line printing
apparatus, which has a print head comprising a print element
(nozzle) array corresponding to a printing region, and prints
while conveying a print medium, is prevalently used since it
can achieve a higher-speed print process.

Upon executing a color print process using such full-line
printing apparatus, a plurality of print heads that eject
different color inks line up in the convey direction of the
print medium and are controlled to simultaneously eject
inks, thus preventing any printing speed drop even 1n a color
print process.

However, a printing apparatus having a full-line print
head requires a power supply capacity that can simulta-
neously drive all nozzles of the print head since data
corresponding to one raster are to be printed stmultaneously.

A printing apparatus that achieves a color print process
using a plurality of full-line print heads requires a still larger
power supply capacity, 1.€., a power supply capacity that can
drive all nozzles of a plurality of print heads so as to prevent
any printing speed drop.

Such increase 1 power supply capacity results 1n a large
power supply unit size and an increase in manufacturing,
cost. As a result, the entire printing apparatus becomes
bulky, and cost increases.

SUMMARY OF THE INVENTION

The present invention has been made 1n consideration of
the above situation, and has as its object to provide a printing
apparatus-which can prevent deterioration of 1image quality
and extreme drop of the printing speed without unwantedly
increasing the power supply capacity, and a power supply
load reduction method for the printing apparatus.

In order to achieve the above object, a printing apparatus
of the present mvention is a printing apparatus having a
plurality of full-line print heads each having a print element
array corresponding to a width of a print medium, compris-
ing convey means for conveying the print medium to a
position where the print heads can print, print electric power
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computation means for computing a numerical value that
pertains to electric power to be supplied to the print heads
upon printing print data when print data that uses a plurality
of print media 1s received, determination means for deter-
mining 1f the numerical value that pertains to the electric
power 1s larger than a predetermined value, distance setting,
means for setting a distance between the plurality of print
media 1n accordance with the determination by the deter-
mination means, and convey control means for controlling
the convey means to make the distance between the print
media be the distance set by the distance setting means upon
conveying the plurality of print media.

Also, 1 order to achieve the above object, a power supply
load reduction method for a printing apparatus of the present
invention 1s a power supply load reduction method for a
printing apparatus having a plurality of full-line print heads
cach having a print element array corresponding to a width
of a print medium, comprising the convey step of conveying
the print medium to a position where the print heads can
print, the print electric power computation step of comput-
ing a numerical value that pertains to electric power to be
supplied to the print heads upon printing print data when
print data that uses a plurality of print media 1s received, the
determination step of determining 1f the numerical value that
pertains to the electric power 1s larger than a predetermined
value, the distance setting step of setting a distance between
the plurality of print media 1in accordance with the determi-
nation in the determination step, and the convey control step
of controlling the convey step to make the distance between
the print media be the distance set 1n the distance setting step
upon conveying the plurality of print media.

More specifically, in a printing apparatus which has a
plurality of full-line print heads each having a print element
array corresponding to the width of a print medium, upon
receiving print data that use a plurality of print media, a print
duty or the like as the number of print elements used 1n a
print process with respect to the total number of print
clements 1s computed as a numerical value that pertains to
clectric power to be supplied to the print heads upon
recording the received print data, and the computed value 1s
compared with a predetermined value to determine a dis-
tance between neighboring print media, and the print media
are controlled to be conveyed at the set print medium
distance.

In this way, when a print process 1s continuously per-
formed on a plurality of print media, electric power required
for the print process can become equal to or smaller than an
clectric power capacity that the power supply equipped in
the printing apparatus can supply, by changing the distance
between neighboring print media. Hence, the print process
on a plurality of print media can be performed while
preventing deterioration of 1mage quality and extreme drop
of the printing speed without increasing the power supply
capacity of the printing apparatus.

For example, when the computed value 1s larger than the
predetermined value, the distance between the neighboring
print media 1s increased so that the numerical value that
pertains to electric power becomes equal to or smaller than
the predetermined value.

As the numerical value that pertains to the electric power,
a ratio of the number of print elements to be driven upon
printing the print data to the number of all the print elements

of the print heads 1s preferably used.

The distance setting means selects and sets the distance
between the print media from a plurality of pre-set values,
thus simplifying processes.
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Note that the apparatus preferably further comprises
means for changing the predetermined value 1n correspon-
dence with a size of the print medium and a print region of
the print data.

In this case, the apparatus preferably further comprises
table creation means for storing the predetermined value
corresponding to the size of the print medium and the print
region of the print data.

The printing apparatus preferably further comprises
memory means for storing the print data 1n units of pages,
and the print electric power computation means computes
the numerical value that pertains to the electric power when
print data of the next page to be printed 1s stored in the
Memory means.

Other features and advantages of the present invention
will be apparent from the following description taken in
conjunction with the accompanying drawings, 1n which like
reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
ments of the invention and, together with the description,
serve to explain the principles of the mvention.

FIG. 1 1s a sectional view showing the overall arrange-
ment of an 1nk-jet printing apparatus according to an
embodiment of the present invention;

FIG. 2 1s a sectional view showing the structure of a sheet
convey section 1n the embodiment shown in FIG. 1;

FIG. 3 1s a block diagram showing the control arrange-
ment of the embodiment shown 1n FIG. 1;

FIGS. 4A to 4C are views showing the positional rela-
fionship between the print head and print sheet i1n the
embodiment shown 1n FIG. 1;

FIGS. 5A to SC are graphs showing a change 1n print duty

with respect to the print sheet distance in the embodiment
shown 1n FIG. 1;

FIG. 6 1s a flow chart showing an allowable print duty
acquisition process 1n the embodiment shown 1 FIG. 1;

FIG. 7 1s a flow chart showing a print sheet distance
control process 1n the embodiment shown m FIG. 1;

FIG. 8 1s a view exemplifying a method of supplying a
control program and data to the ink-jet printing apparatus of
the present invention; and

FIG. 9 shows a memory map of an external storage
medium that supplies control program and data to the ink-jet
printing apparatus of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail 1n accordance with the accompanying,
drawings.

FIGS. 1 and 2 are sectional views showing the internal
structure of an i1nk-jet printing apparatus according to a
preferred embodiment of the present invention, in which
FIG. 1 1s a sectional view showing the overall arrangement
of the printing apparatus, and FIG. 2 1s a sectional view
showing the structure of a sheet convey section 3 of the
printing apparatus.

The printing apparatus of this embodiment has an auto-
matic sheet feeder, and comprises a sheet feed section 2,
sheet convey section 3, exhaust section 4, and print head
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section 7. An outline of the printing apparatus will be
explained in turn below in units of these sections. (I) Sheet
Feed Section, (II) Sheet Convey Section, (III) Print Head
Section, and (IV) Exhaust Section will be described 1n turn
using FIGS. 1 and 2.

(I) Sheet Feed Section

The sheet feed section 2 1s constructed by attaching a
pressing plate 21 on which print paper sheets P as print
medium are stacked, and a rotary sheet feed member 22 for
feeding a print paper sheet P to a base 20. The pressing plate
21 1s rotatable about a rotation shaft a which 1s coupled to
the base 20, and i1s biased against the rotary sheet feed
member 22 by a pressing plate spring 24. A separation pad
25 which 1s formed of a material having a large coetlicient
of friction such as synthetic leather or the like 1s provided on

the pressing plate 21 at a position opposing the rotary sheet
feed member 22 so as to prevent multiple feed of print paper
sheets P. Furthermore, the base 20 has a separation pawl 26
which covers a corner of print paper sheets P 1n one
direction, and separates print paper sheets one by one, and
a release cam (not shown) for releasing a contact between
the pressing plate 21 and rotary sheet feed member 22.

In the above structure, the release cam presses the press-
ing plate 21 down to a predetermined position 1n a standby
state. As a result, the contact between the pressing plate 21
and rotary sheet feed member 22 1s released. In this state,
when the driving force of a convey roller 32 1s transmitted
to the rotary sheet feed member 22 and release cam via gears
and the like, the release cam separates from the pressing
plate 21, which moves upward, and the rotary sheet feed
member 22 1s brought into contact with a print paper sheet
P. Upon rotation of the rotary sheet feed member 22, the
print paper sheet P 1s picked up and begins to be fed. The
print paper sheet P 1s separated by the separation pawl 26
one by one, and 1s fed to the sheet convey section 3. The
rotary sheet feed member 22 rotates until it feeds the print
paper sheet P into the sheet convey section 3, and the
standby state 1n which the contact between the print paper
sheet P and rotary sheet feed member 22 is released is set
again, thus turning off the driving force from the convey

roller 32.

Reference numeral 90 denotes a rotary sheet feed member
used when a sheet 1s manually inserted. A print paper sheet
P set on a manual insert tray 91 1s picked up by the rotary
sheet feed member 90 1n accordance with a print command
signal from a computer, and 1s conveyed to the convey roller

32.
(IT) Sheet Convey Section

The sheet convey section 3 has a conveyor belt 31 which
attracts and conveys a print paper sheet P, and a PE sensor
(not shown). The conveyor belt 31 is driven by a driving
roller 34, and 1s supported by the convey roller 32 and a
pressure roller 35 as driven rollers so as to form a loop.

A pinch roller 33 which 1s driven by the conveyor belt 31
1s provided at a position opposing the convey roller 32 to be
in contact with the conveyor belt 31. The pinch roller 33 1s
pressed against the conveyor belt 31 by a spring (not shown)
to guide a print paper sheet P to a print section. Furthermore,
upper and lower guides 27 and 28 which guide a print paper
sheet P are provided at an entrance of the sheet convey
section 3 that receives the print paper sheet P. The upper
ouide 27 has a PE sensor lever 29 which informs the PE
sensor (not shown) of detection of the leading and trailing
ends of a print paper sheet P. Furthermore, the print head
section 7 for forming an 1mage on the basis of 1mage
information 1s provided downstream of the convey roller 32
in the convey direction of a print paper sheet.
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In the above structure, a print paper sheet P fed to the
sheet convey section 3 1s fed to a roller pair, 1.., the convey
roller 32 and pinch roller 33 while being guided by the upper
and lower guides 27 and 28. At this time, the PE sensor lever
29 detects the leading end of the incoming print paper sheet
P, thus obtaining the print position of the print paper sheet
P. The print paper sheet P 1s conveyed by rotating the
conveyor belt 31 via the convey roller 32 by an ultrasonic
motor to be described later.

(IIT) Print Head Section

The print head section 7 of this embodiment uses full-line
ink-jet print heads each having an array of a plurality of
nozzles each of which constitutes a print element extending
in a direction perpendicular to the convey direction of a print
paper sheet P. These heads are arranged at a given spacing,
in the order of 7K (black), 7C (cyan), 7M (magenta), and 7Y
(yellow) from the upstream side of the convey direction of
the print paper sheet P, and the print head section 7 1is

attached to a head holder 7A.

Each print head 7 can apply heat to 1nk within each nozzle
using heaters or the like. The 1nk causes {ilm boiling due to
this heat, and 1s ejected from each nozzle of the print head
7 by a change 1n pressure caused by growth or shrinkage of
bubbles resulting from the film boiling, thus forming an
image on the print paper sheet P.

In this embodiment, the electrothermal transducer such as
the heater 1s employed as an 1nk ¢jecting element which
constitutes the print element with the nozzle. However, the
ink ejecting element 1s not limited to this construction. For
example, a piezoelectric element can also be employed as
the 1nk ejecting element.

One end of the print head section 7 1s pivotally supported
by a shaft 71, and a projection 7A formed on the other end
of the print head section 7 engages with a rail 72, thus
defining a spacing (sheet spacing) between the nozzle sur-
face and print paper sheet P.

Note that an 1k tank that stores ink and each print head
may be integrally formed to constitute an exchangeable 1nk
cartridge. Alternatively, the 1nk tank and print head may be
independently arranged, and when ink 1s used up, the ink
tank alone may be exchanged.

(IV) Exhaust Section

The exhaust section 4 1s comprised of an exhaust roller 41
and spur 42. A print paper sheet P that has undergone image
formation in the print section 1s conveyed while being
clamped between the exhaust roller 41 and spur 42, and 1s
exhausted onto an exhaust tray 43.

The arrangement and operation of attractive convey in the
print section will be explained below using FIGS. 1 and 2.

Reference numeral 31 denotes a conveyor belt which
moves while attracting and holding a print paper sheet P, 1s
made up of a synthetic resin such as polyethylene, polycar-
bonate of about 0.1 to 0.2 mm, and has an endless belt shape.
Reference numeral 36 denotes an attractive force generation
means, which 1s fixed at a position opposing the print head
section 7, and applies a voltage of around 0.5 kV to 10 kV
fo generate an attractive force on the conveyor belt 31
corresponding to the print region of the print head section 7.
The attractive force generation means 36 1s connected to a
high-voltage power supply (not shown) that generates a
predetermined high voltage.

As described above, reference numerals 32, 34, and 35
denote rollers which support the conveyor belt 31 and give
an appropriate tension to that belt. The roller 34 1s coupled
to a sheet feed motor 50. A sheet pressing member 39 as
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pressing means for pressing the print paper sheet P against
the conveyor belt side 1s attached to have a rotation shaft of
the pinch roller 33 as the center of rotation, and 1s biased
toward the conveyor belt 31 by a biasing means (not shown).
The sheet pressing member 39 1s formed of a conductive
metal plate.

Reference numeral 38 denotes a pair of cleaning rollers
which pinch the belt 31, and can absorb 1nk to remove soil
such as 1nk attached to the belt 31. Also, these rollers 38 are
formed of open cell sponge having a small cell diameter
(preferably 10 um to 30 um) to prevent poor durability.

Operation will be explained below.

A print paper sheet P 1s guided to the print section while
being clamped between the pinch roller 33 and conveyor
belt 31, and enters an attractive force generation portion
while being pressed against the conveyor roller 31 by the
sheet pressing member 39. The print paper sheet P 1is
attracted by a flat portion of the conveyor belt 31 by an
attractive force supplied from the attractive force generation
means 36, and 1s conveyed 1n the direction of an arrow a by
the sheet feed motor 50 and roller 34 while undergoing the
print process by the print head section. At this time, since the
conveyor belt 31 that holds the print paper sheet P no
member protruding toward the print head section 7 upon
printing on the leading and trailing end portions of the print
paper sheet P, the print process can be done while the
ejection nozzles at the end portion of the print head section
and the end portion of the print paper sheet P are close to
cach other, thus obtaining a high-precision print image.

When ink 1s ejected 1n large quantity on the print paper
sheet P, the print paper sheet P swells and cockles. In this
case, since the print paper sheet P 1s attracted on the
conveyor belt 31 by the attractive force of the attractive
force generation means 36 and the pressing force of the sheet
pressing member 39, the print paper sheet P can be pre-
vented from floating toward the head section 7. Therefore,
the head section 7 does not contact the print paper sheet P,
thus allowing a stable print process. Even when the end
portion of the print paper sheet P cockles or curls due to
changes 1n environment 1ncluding temperature, humidity, or
the like, the sheet pressing member 39 can press the print
paper sheet P against the conveyor belt 31, and can convey
it to the attractive force generation portion while removing
cockling and curl, thus allowing stable attraction in the print
section.

FIG. 3 1s a block diagram showing the arrangement of a
controller of the mk-jet printing apparatus according to the
present 1nvention, and devices controlled by the controller.

Reference numeral 7K denotes a black print head; 7C, a
cyan print head; 7M, a magenta print head; and 7Y, a yellow
print head. Reference numeral 100 denotes a solenoid for
controlling the cleaning rollers. Reference numeral 50
denotes a motor for controlling the driving roller which
drives the conveyor belt. Reference numeral 102 denotes a
sensor for detecting a reference position of the conveyor
belt. Reference numeral 103 denotes a sensor for detecting
the paper end of the print sheet. The sensor 103 1s connected
to the PE sensor lever 29.

Note that the conveyor belt position sensor 102 1s pro-
vided on the back surface side of the conveyor belt at a

position between the convey roller 32 and pressure roller 35
although 1t 1s not shown 1n FIGS. 1 and 2.

Reference numeral 80 denotes a controller. Reference
numeral 80a denotes a CPU; 80b, a ROM f{for storing a
program; 80c, a work memory required for control; and 80d,
a gate array. These components 80a to 80d are connected to
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cach other via a system bus. The gate array 80d outputs
control signals for the driving roller motor and rotary sheet
feed member motor 101, a control signal for the cleaning
roller solenoid, an 1mage signal to the print heads, and a
control signal for the print heads, and reads information

from a sensor for detecting soil on the conveyor belt and the
PE sensor.

FIGS. 4A to 4C show the print processes on a print paper
sheet conveyed by the conveyor belt 31 in the ink-jet
printing apparatus of this embodiment. As shown in FIGS.
4A to 4C, the number of print heads to be driven simulta-
neously changes depending on the positional relationship
between print paper sheets P1 and P2, and the print heads.

For example, 1n FIG. 4A, since the print heads 7C, 7TM,
and 7Y are located above the conveyed print paper sheet P1,
the number of print heads to be driven simultaneously 1s 3.
On the other hand, 1n FIG. 4B, the print heads 7K and 7Y are
respectively located above the print paper sheets P1 and P2,
and other print heads fall outside these print paper sheets.
Therefore, the number of print heads to be driven simulta-
neously 1s 2. In this manner, the number of print heads to be
simultaneously driven changes along with an elapse of time
depending on the position of the print paper sheet relative to
the print heads.

In FIG. 4C, a print sheet distance d2 as the distance
between two print paper sheets P1 and P2 to be conveyed
successively 1s larger than a print sheet distance d1 shown 1n
FIGS. 4A and 4B. As a result, the positional relationship
between the print head 7K and print paper sheet P2 1s the
same as that in FIG. 4B, but the positional relationship
between the print head 7Y and print paper sheet P1 1s
different from FIG. 4B, 1.e., the print head 7Y {falls outside
the print paper sheet P1 like the print heads 7C and 7M. For
this reason, the number of print heads to be driven simul-
taneously 1s only one. In this manner, the number of print
heads to be driven simultaneously also changes depending
on the print sheet distance.

FIGS. 5Ato 5C are graphs showing a change 1n print duty
when a predetermined print image 1s successively printed on
two pages 1n the 1nk-jet printing apparatus of this embodi-
ment. In FIGS. 5A to 5C, the ordinate plots the print duty
(%), and the abscissa plots the relative position (raster) from
the leading end of the print paper sheet with reference to the
print head 7K. Note that the print duty 1s the ratio of the
number of nozzles to be actually driven to the total number
of nozzles of all the print heads of the ink-jet printing
apparatus.

FIGS. 5A, 5B, and 5C respectively show the print duties
when the print sheet distances of 60 mm, 80 mm, and 100
mm are set. The maximum values of the print duties are
respectively 9.6%, 7.6%, and 6.8%. That is, even when the
print 1mage to be printed remains the same, the maximum
value of the print duty changes largely if the print sheet
distance changes.

In this embodiment, the power supply load of the printing
apparatus 1s controlled to become equal to or smaller than a
predetermined value by exploiting the relationship between
the print sheet distance and print duty.

The print sheet distance control method for the mk-jet
printing apparatus of this embodiment will be described
below using the flow charts shown 1n FIGS. 6 and 7.

Prior to a print process, an allowable print duty acquisi-
fion process shown i FIG. 6 1s launched to acquire an
allowable print duty, which represents the print duty that
allows the print process using the built-in power supply of
the 1nk-jet printing apparatus.
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In the allowable print duty acquisition process, an allow-
able electric power capacity that the built-in power supply of
the 1nk-jet printing apparatus can supply to drive the print
heads is read out from the ROM 80B (step S101). Then, the
allowable print duty 1s computed based on consumption
power per ejection nozzle of the print head, and the total
number of nozzles of all the print heads and 1s saved 1n the
memory 80c (step S102).

The print sheet distance control process shown 1n FIG. 7
1s launched during the print process of an image, which
starts 1n response to a print request from the host. As for the
timing, this process 1s launched when all next print images
to be printed are stored in the memory 80c of the i1nk-jet
printing apparatus in a printable data format, and a print
paper sheet on which the print images are printed has
reached the position of a registration roller immediately
before it 1s supplied to the conveyor belt 31. The registration
roller (not shown) is disposed upstream from the pinch roller
33, and 1s used to adjust the supply timing of a print paper
sheet to the conveyor belt 31.

Initially, the allowable print duty saved by the allowable
print duty acquisition process 1s read out from the memory
80c (step S201). Subsequently, an allowable print sheet
distance as a maximum value of the print sheet distance 1s
acquired from the ROM 80b (step S202), and a normal print
sheet distance is acquired from the ROM 80b (step S203).

Transition data of the print duty shown 1n FIGS. SA to 5C
1s analyzed on the basis of the current print image, the next
print image, and the acquired print sheet distance (step
S204), and the maximum value of the print duty is extracted
from this transition data and is set as a maximum print duty
(step S205).

It 1s then checked 1if the acquired maximum print duty 1s
equal to or smaller than the allowable print duty (step S206).

If the maximum print duty 1s equal to or smaller than the
allowable print duty, since no problem 1s posed if the print
process of the next page proceeds using the current print
sheet distance, the current print sheet distance 1s saved 1n the
memory 80c as mformation for the print sheet supply timing
of the registration roller (step S210), thus ending the pro-
cess. Note that the process for driving the registration roller
and supplying a print paper sheet to the conveyor belt 31 1s
done by a sheet feed control process as another control
program executed by the CPU 80a.

If 1t 1s determined 1n step S206 that the maximum print
duty has exceeded the allowable print duty, the print sheet
distance is increased by a predetermined length (step S207),
and after 1t 1s confirmed that the new print sheet distance
does not exceed the allowable print sheet distance acquired
in step S202 (step S208), the flow returns to step S204. Then,
the print sheet distance 1s increased by a predetermined
length until the maximum print duty becomes equal to or
smaller than the allowable print duty.

Upon setting the print sheet distance, more specifically,
evaluation starts from the print sheet distance=60 mm to
seck a condition that the print duty becomes equal to or
smaller than the allowable print duty while increasing the
print sheet distance to 80 mm, 100 mm, and the like.

If the condition that the print duty becomes equal to or
smaller than the allowable print duty cannot be found even
after the processes in steps S204 to S208 are repeated, the
print sheet distance eventually becomes larger than the
allowable print sheet distance 1n step S208. In this case, a
normal print sheet distance 1s read out from the ROM 805
(step S209), and is saved in the memory 80c so that it can
be used in determination of the print paper sheet supply
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timing in the sheet feed control process (step S210), thus
ending the process.

In this embodiment, control programs and data stored in
the ROM 80b are loaded onto the memory 80c upon
execution. Alternatively, control programs and data recorded

on a storage medium such as a flexible disk or the like may
be recorded from a host computer 112a to which an external
storage device 112b 1s connected to a flash ROM 80b
provided to an ink-jet printing apparatus 112¢, and may then
be loaded from the flash ROM 80b onto the memory 80c.

FIG. 8 shows a case wherein a flexible disk drive 1s used
as the external storage device 112b connected to the host

computer 1124, and control programs and data are stored 1n
a flexible disk 113.

In this case, a storage medium that stores the control

programs and data 1s not limited to the flexible disk, but may
be a CD-ROM, IC memory card, and the like.

FIG. 9 shows a memory map when the flexible disk 113
1s used as the storage medium for storing the control
programs and data.

The memory map has a volume information storage area
113a, a directory information storage area 113b, a control
program storage areca 113c for storing predetermined control
programs (the allowable duty acquisition process program,
print sheet distance control program, and the like), and a data
storage arca 113d for storing data (the allowable power
supply capacity, allowable print sheet distance, the number
of nozzles of the print heads, and the like) used in these
control programs.

The flexible disk 113 with such memory map 1s read by
the flexible disk drive 112b connected to the host computer
112a to download the control programs and data to the
ink-jet printing apparatus.

According to the aforementioned embodiment of the
present 1nvention, a stable print process can be done even
using a low-cost power supply without any deterioration of
print quality and extreme drop of the print speed.

Note that the present invention 1s not limited to the above
embodiment, and various modifications and changes may be
made. Some modifications will be explained below.

In the first modification, the number of nozzles used as a
reference upon acquiring the allowable print duty 1s com-
puted 1n correspondence with the actual print region width.

More speciiically, 1in the aforementioned embodiment, a
computation 1s made with reference to the total number of
nozzles of the print heads upon acquiring the allowable print
duty. In most cases, the mk-jet printing apparatus does not
print on the enfire surface of a print sheet having a maximum
size, and the region to be printed 1s normally smaller than the
print sheet size or a print sheet size 1s smaller than the
maximum sheet. For this reason, 1n case of the full-line print
head, the number of nozzles normally used 1n a print process

1s smaller than the total number of nozzles of the print heads.

Hence, the step of computing the number of nozzles used
as a reference upon computing the allowable print duty (to
be referred to as the reference number of nozzles) on the
basis of the print size and effective print region, and setting,
the reference number of nozzles to a value that matches an

actual print process 1s added immediately betfore step S102
in FIG. 6.

In this case, when the allowable print duty acquisition
process 1s launched every time a print request 1s acquired,
the reference number of nozzles can be set to be a value that
matches an actual print request every time the print request
1s sent. Hence, a high-speed print process can be done while
cffectively using electric power that can be supplied.
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In the second modification, a plurality of allowable print
duties computed 1n advance are stored so as to shorten the
computation time of the allowable print duty.

In the aforementioned embodiment, the allowable print
duty 1s computed before the print process starts. In order to
shorten the processing time and the like associated with this

computation, values computed 1n advance may be stored 1n
the ROM 80b.

In this case, if the allowable print duty is changed in
correspondence with the actual print region width like 1n the
first modification, a table that stores some print region
widths and a plurality of allowable print duties computed in
advance 1n correspondence with each other may be recorded

in the ROM 80b.

In the third modification, the print sheet distance i1s
controlled 1n correspondence with the number of print heads
used 1n a print process.

In the aforementioned embodiment, the allowable print
sheet distance 1s set as a fixed value that can be read out from
the ROM 80b. In some cases, however, the number of print
heads used 1n a print process 1s limited depending on a print
image or print mode. For example, upon printing a mono-
chrome 1mage, only one print head 7K 1s used. If a color
print process 1s done using only three color inks, only the

three print heads 7C, 7TM, and 7Y are used.

In this manner, when the number of print heads to be used
changes, the print sheet distance, which sets the number of
print heads to be driven simultaneously to 1, changes the
fiming across two print paper sheets, as shown in FIG. 4C.

In such case, the step of correcting the allowable print
sheet distance depending on a print image and print mode 1s
added immediately after step S203 mn FIG. 7, so as to
optimize the print sheet distance.

With this arrangement, even when a print 1mage or print
mode changes, appropriate print sheet distance control can
be achieved.

In the above embodiment, the print sheet 1s employed as
a print medium. However, the print medium for the present
invention 1s not limited to the print sheet. For example, an
OHP sheet or a woven fabric can be employed as a print
medium.

In the above embodiment, droplets discharged from the
printing head are ink droplets, and a liquid stored in the 1nk
tank 1s ink. However, the liquid to be stored in the ink tank
1s not limited to 1nk. For example, a treatment solution to be
discharged onto a printing medium so as to improve the
fixing property or water resistance of a printed 1mage or its
image quality may be stored in the ink tank.

The embodiment described above has exemplified a
printer, which comprises means (e.g., an electrothermal
transducer, laser beam generator, and the like) for generating
heat energy as energy utilized upon execution of 1nk
discharge, and causes a change 1n state of an ink by the heat
energy, among the ink-jet printers. According to this 1ink-jet
printer and printing method, a high-density, high-precision
printing operation can be attained.

As the typical arrangement and principle of the ink-jet
printing system, one practiced by use of the basic principle
disclosed 1n, for example, U.S. Pat. Nos. 4,723,129 and
4,740,796 1s preferable. The above system 1s applicable to
either one of so-called on-demand type and continuous type
systems. Particularly, 1n the case of the on-demand type, the
system 1s elffective because, by applying at least one driving
signal, which corresponds to printing information and gives
a rapid temperature rise exceeding nucleate boiling, to each
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of the electrothermal transducers arranged 1n correspon-
dence with a sheet or with liquid channels holding a liquid
(ink), heat energy is generated by the electrothermal trans-
ducer to effect film boiling on the heat acting surface of the
printing head, and consequently, a bubble can be formed in
the liquid (mk) In one-to-one correspondence with the
driving signal. By discharging the liquid (ink) through a
discharge opening by growth and shrinkage of the bubble, at
least one droplet 1s formed. If the driving signal 1s applied
as a pulse signal, the growth and shrinkage of the bubble can
be attained instantly and adequately to achieve discharge of
the liquid (ink) with particularly high response characteris-
fics.

As the pulse driving signal, signals disclosed 1n U.S. Pat.
Nos. 4,463,359 and 4,345,262 are suitable. Note that further

excellent printing can be performed by using the conditions
described 1n U.S. Pat. No. 4,313,124 of the invention which
relates to the temperature rise rate of the heat acting surface.

As an arrangement of the printing head, 1n addition to the
arrangement as a combination of discharge nozzles, liquid
channels, and electrothermal transducers (linear liquid chan-
nels or right angle liquid channels) as disclosed in the above
specifications, the arrangement using U.S. Pat. Nos. 4,558,
333 and 4,459,600, which disclose the arrangement having
a heat acting portion arranged 1n a flexed region i1s also
included 1n the present mvention. In addition, the present
invention can be effectively applied to an arrangement based
on Japanese Patent Laid-Open No. 59-123670 which dis-
closes the arrangement using a slot common to a plurality of
clectrothermal transducers as a discharge portion of the
clectrothermal transducers, or Japanese Patent Laid-Open
No. 59-138461 which discloses the arrangement having an
opening for absorbing a pressure wave of heat energy 1n
correspondence with a discharge portion.

Furthermore, as a full-line type printing head having a
length corresponding to the width of a maximum printing
medium which can be printed by the printer, either the
arrangement which satisfies the full-line length by combin-
ing a plurality of printing heads as disclosed 1n the above
specification or the arrangement as a single printing head
obtained by forming printing heads integrally can be used.

In addition, not only an exchangeable chip type printing
head, as described 1n the above embodiment, which can be
clectrically connected to the apparatus main unit and can
receive an 1nk from the apparatus main unit upon being
mounted on the apparatus main unit, but also a cartridge type
printing head 1n which an 1nk tank 1s integrally arranged on
the printing head itself, can be applicable to the present
invention.

It 1s preferable to add recovery means for the i1s printing
head, preliminary auxiliary means, and the like provided as
an arrangement of the printer of the present invention since
the printing operation can be further stabilized. Examples of
such means include, for the printing head, capping means,
cleaning means, pressurization or suction means, and pre-
liminary heating means using electrothermal transducers,
another heating element, or a combination thereof. It 1s also
cliective for stable printing to provide a preliminary dis-
charge mode which performs discharge mdependently of
printing.

Furthermore, as a printing mode of the printer, not only
can a printing mode using only a primary color such as black
or the like, but also at least one of a multi-color mode using
a plurality of different colors or a full-color mode achieved
by color mixing can be implemented in the printer either by
using an integrated printing head or by combining a plurality
of printing heads.
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Moreover, 1n the above-mentioned embodiment of the
present 1nvention, it 1s assumed that the ik 1s a liquid.
Alternatively, the present invention may employ an 1nk
which 1s solid at room temperature or less and softens or
liquedies at room temperature, or an ink which liquefies upon
application of a use printing signal, since 1t 1s a general
practice to perform temperature control of the ink itself
within a range from 30° C. to 70° C. in the ink-jet system,
so that the ink viscosity can fall within a stable discharge
range.

In addition, 1n order to prevent a temperature rise caused
by heat energy by positively utilizing it as energy for causing
a change 1n state of the 1nk from a solid state to a liquid state,
or to prevent evaporation of the ik, an 1nk which 1s solid 1n
a nonuse state and liquefies upon heating may be used. In
any case, an 1nk which liquefies upon application of heat
energy according to a printing signal and 1s discharged 1n a
liquid state, an ink which begins to solidify when 1t reaches
a printing medium, or the like, 1s applicable to the present
invention. In this case, an ink may be situated opposite
clectrothermal transducers while being held 1n a liquid or
solid state 1n recess portions of a porous sheet or through
holes, as described 1n Japanese Patent Laid-Open No.
54-56847 or 60-71260. In the present invention, the above-
mentioned film boiling system 1s most effective for the
above-mentioned 1nks.

In addition, the recording apparatus of the present mven-
tion may be used 1n the form of a copying machine com-
bined with a reader, and the like, or a facsimile apparatus
having a transmission/reception function 1n addition to an
image output terminal of an information processing equip-
ment such as a computer.

The present mvention can be applied to a system consti-
tuted by a plurality of devices (e.g., host computer, interface,
reader, printer) or to an apparatus comprising a single device
(e.g., copying machine, facsimile machine).

Further, the object of the present invention can also be
achieved by providing a storage medium storing program
codes for performing the aforesaid processes to a computer
system or apparatus (e.g., a personal computer), reading the
program codes, by a CPU or MPU of the computer system
or apparatus, from the storage medium, then executing the
program.

In this case, the program codes read from the storage
medium realize the functions according to the embodiments,

and the storage medium storing the program codes consti-
tutes the 1nvention.

Further, the storage medium, such as a floppy disk, a hard
disk, an optical disk, a magneto-optical disk, CD-ROM,
CD-R, a magnetic tape, a non-volatile type memory card,
and ROM can be used for providing the program codes.

Furthermore, besides aforesaid functions according to the
above embodiments being realized by executing the pro-
oram codes which are read by a computer, the present
invention includes a case where an OS (operating system) or
the like working on the computer performs a part of or entire
processes 1n accordance with designations of the program
codes and realizes functions according to the above embodi-
ments.

Furthermore, the present invention also includes a case
where, after the program codes read from the storage
medium are written 1n a function expansion card which 1is
inserted 1nto the computer or 1n a memory provided 1n a
function expansion unit which is connected to the computer,
CPU or the like contained 1n the function expansion card or
unit performs a part or entire process 1n accordance with
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designations of the program codes and realizes functions of
the above embodiments.

If the present invention 1s realized as a storage medium,

program codes corresponding to the above mentioned tlow-
charts (FIG. 6 and/or FIG. 7) are to be stored in the storage
medium.

As many apparently widely different embodiments of the
present 1nvention can be made without departing from the
spirit and scope thereof, 1t 1s to be understood that the
invention 1s not limited to the specific embodiments thereot
except as defined in the appended claims.

What 1s claimed 1s:

1. A printing apparatus having a plurality of full-line print
heads each having a print element array corresponding to a
width of a print medium, comprising;:

convey means for conveying the print medium to a
position where the print heads can print;

print electric power computation means for computing a
numerical value that pertains to electric power to be
supplied to the print heads upon printing print data
when print data that uses a plurality of print media 1s
received;

determination means for determining if the numerical
value that pertains to the electric power 1s larger than a

predetermined value;

distance setting means for setting a distance between the
plurality of print media in accordance with the deter-
mination by said determination means; and

convey control means for controlling said convey means
to make the distance between the print media be the
distance set by said distance setting means upon con-
veying the plurality of print media.

2. The apparatus according to claim 1, wherein the
distance setting means sets the distance between the plural-
ity of print media to make the numerical value that pertains
to the electric power equal to or smaller than the predeter-
mined value when said determination means determines that
the numerical value that pertains to the electric power 1s
larger than the predetermined value.

3. The apparatus according to claim 1, wherein the
numerical value that pertains to the electric power 1s a ratio
of the number of print elements to be driven upon printing
the print data to the number of all the print elements of the
print heads.

4. The apparatus according to claim 1, wheremn said
distance setting means selects and sets the distance between
the print media from a plurality of pre-set values.

5. The apparatus according to claim 1, further comprising,
means for changing the predetermined value in correspon-
dence with a size of the print medium and a print region of
the print data.

6. The apparatus according to claim §, further comprising
table creation means for storing the predetermined value
corresponding to the size of the print medium and the print
region of the print data.

7. The apparatus according to claim 1, further comprising,
memory means for storing the print data in units of pages,
and wherein said print electric power computation means
computes the numerical value that pertains to the electric
power when print data of the next page to be printed 1s stored
in said memory means.

8. The apparatus according to claim 1, wherein each of the
print heads 1s an ink-jet print head for printing by ejecting,
ink from print elements.

9. The apparatus according to claim 8, wherein each of the
print heads 1s a print head which ejects 1nk using heat energy,
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and comprises a heat energy converter for generating heat
energy to be applied to the 1nk.

10. A power supply load reduction method for a printing
apparatus having a plurality of full-line print heads each
having a print element array corresponding to a width of a
print medium, comprising:

a convey step of conveying the print medium to a position

where the print heads can print;

a print electric power computation step of computing a
numerical value that pertains to electric power to be
supplied to the print heads upon printing print data
when print data that uses a plurality of print media 1s
received;

a determination step of determining if the numerical value
that pertains to the electric power 1s larger than a
predetermined value;

a distance setting step of setting a distance between the
plurality of print media 1n accordance with the deter-
mination 1n said determination step; and

a convey control step of controlling the convey step to
make the distance between the print media be the
distance set 1n the distance setting step upon conveying
the plurality of print media.

11. The method according to claim 10, wherein the
distance setting step sets the distance between the plurality
of print media to make the numerical value that pertains to
the electric power equal to or smaller than the predetermined
value when 1t 1s determined 1n the determination step that the
numerical value that pertains to the electric power 1s larger
than the predetermined value.

12. The method according to claam 10, wherein the
numerical value that pertains to the electric power 1s a ratio
of the number of print elements to be driven upon printing
the print data to the number of all the print elements of the
print heads.

13. The method according to claim 10, wherein the
distance setting step includes the step of selecting and
setting the distance between the print media from a plurality
of pre-set values.

14. The method according to claim 10, further comprising
a step of changing the predetermined value in correspon-
dence with a size of the print medium and a print region of
the print data.

15. The method according to claim 14, further comprising
a table creation step of storing the predetermined value
corresponding to the size of the print medium and the print
region of the print data.

16. The method according to claim 10, further comprising
a memory step of storing the print data in units of pages, and
wherein the print electric power computation step includes
a step of computing the numerical value that pertains to the
clectric power when print data of a next page to be printed
1s stored 1n the memory step.

17. A storage medium which stores a power supply load
reduction method for a printing apparatus having a plurality
of full-line print heads each having a print element array
corresponding to a width of a print medium, said storage
medium storing program codes which respectively 1mple-
ment:

a convey step of conveying the print medium to a position
where the print heads can print;

a print electric power computation step of computing a
numerical value that pertains to electric power to be
supplied to the print heads upon printing print data
when print data that uses a plurality of print media 1s
received;
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a determination step of determining if the numerical value a convey control step of controlling the convey step to
that pertains to the electric power 1s larger than a make the distance between the print media be the
predetermined value; distance set 1n the distance setting step upon conveying

a distance setting step of setting a distance between the the plurality of print media.

plurality of print media in accordance with the deter- 3
mination 1n the determination step; and * ok k% ok
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